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Introduction. 
I n the l a s t few years, the mordant - acid dyes have 
become the most frequently used type i n the dyeing of wool. 
These dyes dye wool i n an acid bath, but are used i n con-
junction with metallic mordants. The mordant - acid dyes 
have replaced the mordant dyes to a considerable extent. They 
are applied very easily and are converted into color lakes 
which have great fastness against the action of light, acids 
and soaping."^ 
For the formation of the insoluble lakes, chroraates are 
used nearly exclusively because they yield colors which are 
both b r i l l i a n t and fast. This i s why the mordant - acid dyes 
have become known as " chrome dyes ". The dyestuffs are usually 
of the diazo- or triphenylraethane type. 
Two different methods are used in the application of the 
chrome dyes. The meta chrome procedure i s applied v/hen lighter 
shades are desired. Dyestuff and chromate solution are added 
to the bath prior to the entering of the yam, and the bath i s 
acidified only after the wool has been entered. 
The top chrome ( after chrome ) procedure i s the usual 
method of chrome dyeing. The dyestuff i s added to the bath and 
the yarn i s entered. After the bath i s exhausted i t i s acidified 
and the chromate solution i s added. I n this procedure the 
lake formation takes place directly on the fibers. 
On the basis of the chemical structure of the dyestuff 
and of the purity of the product, the manufacturers of chrome 
dyes calculate the theoretical amount of chrome required to 
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convert the dye completely into the insoluble lake. I n 
praxis, these figures have very l i t t l e meaning because the 
• , chromate undergoes reaction with the vrool. Experience has 
shô TO that multiples of the theoretical chrome values are 
required to obtain dyeings of the desired quality. Up to the 
present time, few attempts have been made to study this 
chromate - wool reaction i n detail, and to determine on the 
basis of such a study the most suitable quantities of chromate 
for the dyeing process. Obviously, the dyer i s interested 
i n the least amount of chromate which w i l l give a satisfactory 
color, because chromates are expensive salts - at the present 
they are a c r i t i c a l material in addition - and because high 
concentrations of chromate in an acid bath w i l l attack and 
weaken the fibers. 
This study i s an attempt to analyze the reaction between 
the wool and the chromate i n the dye bath. The work described 
here can i n no way be regarded as complete, but i t was carried 
f a r enough to allow certain conclusions to be drawn. 
A series of "blank" dyeings was carried out by Mr. H. 
Morgan at the laboratories of James Lees & Sons Go.,Bridgeport, 
|?a. These dyeings were carried through a l l steps of the indus-
t r i a l top chrome process - however, no dye was added to the 
bath. This does not reduce the significance of the work because 
many dyestuffs,e.g. Colour Index No.720 ̂ , have theoretical 
Chrome amounts which are but 2 - 3 % of the quantities of 
chrome required to give satisfactory dyeings. 
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Method of Analysis of Dyed Wool. 
The following method was developed to determine the 
amount of chromium i n the dyed wool samples: 
Samples of the wool to he analyzed, having v/eights of 
0.5 to 1.5 grams^were dryed at a temperature of 105 C for at 
least one hour, and were then weighed in a i r - tight weighing 
bottles. The wool was transfered to 30 ml-nickel crucibles and 
ashed in a muffle furnace at a temperature of 650 - 700 C. The 
ignition was usually complete after 30 minutes. Lids had to 
be placed on the crucibles to prevent the loss of the very 
l i g h t ash. However, i t was found advisable to place the lidg 
i n a slanting position so that an ample supply of oxygen i s 
secured. I f this was not done, the required time of ashing 
increased consi<4erably.A greyish - green layer which was 
at times formed on the bottom of the crucible l i d was not due 
to Crgos, but was nickel monoxide. 
After ignition, the ash was very light and could not be 
handled i n that form for further operations. From a pipette 
several drops of water were dropped on the sides of the 
crucible, not on the ash i t s e l f . The water wetted the ash 
completely and brought i t to the bottom of the crucible 
without lo/sing any. The wate* was then driven off by 
boiling over a low flame. Great care was taken to prevent 
spattering. The greenish material at the bottom of the 
crucible was apparently Cr203. 
Approximately 6 grams of sodium peroxide were added 
to the crucible and a fusion was carried out. This was 
accomplished i n a muffle furnace at a temperature of 620 - 670 
After the crucible had cooled, i t was dropped into 300 ml.of 
d i s t i l l e d water. The fusion was allowed to dissolve and the 
crucible was washed out carefully. The solution was then f i l -
tered with suction to remove the nickel oxide and hydroxide 
which had been formed. The precipitate was washed thoroughly 
to prevent the retention of chromate. The f i l t r a t e was made 
up to 1 l i t e r and was ready for the colorimetric analysis. 
Colorimetric Determination, 
Symmetrical diphenylcarbazide forms a red compound with 
chromates i n solution ̂ , Rowland has shown that Beer's Law 
holds for the optical system chromium - diphenylcarbazide. 
The solution containing the chromate was acidified with 
sulfuric acid to make i t approximately o.l molar with respect 
to H2S04« Symmetrical diphenylcarbazide was dissolved in 
95 % ethyl alcohol to give a saturated solution. 1 ml. of 
this reagent was added to 100 ml, of the chromate solution. 
This quantity was found sufficient for such chromate concen-
trations that the color produced could be measured on a 
colorimeter. 
The Klett - Summerson Photoelectric Colorimeter was 
used to carry out the measurements. F i l t e r 54 (green) with 
a spectral range of 500 - 700 millimicrons was used. The 
glass c e l l of the colorimeter was f i l l e d with 50 ml of the 
solution which had been treated as described above and a 
reading was taken. The zero setting of the colorimeter was 
at a l l times made with d i s t i l l e d water. 
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Calibration of Colorijneter. 
Under the given conditions i t was not found advisable to 
use the method suggested for use with the Klett - Summerson 
photoelectric Colorimeter i.e. the application of a 1 
simple calibration coefficient. Such a method can only be 
applied to advantage when the optical density of the solvent 
i s constant throughout the entire series of determinations; ~ 
in such a case one zero setting of the instrument using 
d i s t i l l e d water or a single blank, as the case may be, would 
be sufficient. The solutions whose chromate concentrations 
had to be determined were diluted to varying extents to 
bring them into the concentration range most suitable for 
colorimetric measurement. Thus the NagSQ̂  concentration was 
changed and with i t the optical density of the solvent. 
Therefore, i t was found best to make a l l zero settings 
with d i s t i l l e d water and to draw up calibration curves which 
would take into consideration the various Na2S04 concentrations. 
This work i s shown in Table I . and Figure 1. 
The Klett - Summerson Colorimeter has a logarithmic 
scale which makes the relationship between concentration 
and colorimeter reading a linear one. 
This linear relationship shows that the system chromium -
diphenylcarbazide follows Beer's Law. 
B-eer's Law 1^, e '^^ 
where 1^ rligjht transmitted 
IQ - l i g h t striking c e l l 
c sr concentration 
The scale i s so constinicted that i t reads zero or very 
low values for maximum transmission of l i ^ t and high values 
for low transmission, since this scale i s arranged logarithmi-
cally we can write : scale units = s • log T 
I 
rewriting Beer's Law we obtain log- • - kc 
I o 
since I - ^ remains constant s » Kc 
v/here K i s the slope of the lines i n F i g . l 
The lines in F i g . l do not psiss through the origin because 
zero setting i s made for d i s t i l l e d water, while reagent 
( saturated solution of symmetrical diphenylcarbazide in 9S% 
ethyl alcohol ) has a brownish red color, and because the 
actual chromat€i concentration has been changed due to the 
addition of 0.5 ml 18 M IfeS04 and 0.5 ml reagent. 
With the aid of the calibration curves and by interpolating 
between the curves for the two given Na2S04 concentrations 
the chromate concentrations were found and, using the t o t a l 
volume of solution, the amount of chrome i n the wool was 
determined. 
Tests on Dyebaths and Rinse Water. 
A quantitative analysis of the dye baths was not found 
practical due to the presence of fibers and other organic 
materials which would have rendered the preparation of standards 
extremely d i f f i c u l t . However, qualitative tests for chromates 
and, in some cases, for chromium ion were carried out and they 
helped to confimn the results obtained by the wool analysis. 
Portions of the dye baths were acidified with sulfuric 
acid and some of the diphenylcarbazide reagent was added. 
Those baths that gave no test or j u s t a trace of chromate ion 
were fur-ther tested for the chromic ion. 
Portions of the dye hath were made alkaline ahd several 
ml of an approximately 1 0 % H2O2 solution were added ( this 
was done because no sodiui peroxide was at hand at the time ) • 
The solutions were brou^t to boiling. A small quantity of 
Mn02 was added and boiling was continued for several minutes -
to insure complete decomposition of the hydrogen peroxide which 
i s necessary to prevent the formation of perchroraete upon 
making the solution acid. The solutions were cooled and 
acidified vdth sulfuric acid. Diphenylcarbazide reagent was 
added. These solutions were then made up to 100 ml with 
d i s t i l l e d water and approximate colorimetric readings were 
taken. The results are shown i n Table I I I . They cannot be 
regarded as very accurate because of the presence of organic 
matter and because some of the hydrogen peroxide might not 
have decomposed. 
No tests were made on the actual rinse waters. Samples 
of the dyed wool, however, were treated with water which was 
made f a i n t l y acid with 1 1 ^ 0 4 . The wool was twisted i n these 
solutions to obtain mechanical action upon the surface of the 
fib e r s . After the removal of the wool, diphenylcarbazide 
reagent was added to the solutions. No readings were taken 




Calibration of Colorimeter - Colorimeter Readings for Known 
Chromate Concentrations. 
Grams of Colorimeter Readings 
K2Cr207 
per l i t e r 
Solution i n 
D i s t i l l e d Water 
6 grnms Na2§QiPer 
L i t e r of Solution. 
.000625 294 299 
.000438 207 212 
.000313 147 153 
.000125 •62; ;, •68" 
Table I I 
Analysis of Dyed Wool - Chrome concentration i n Dye Bath and 
Chrome on Wool 
% Na2Cr207,2E20 % Na2Cr207.2H2O % Na2Cr207.2H20 
(of weight of wool ) ( of weight of wool ) (of dye bath content) 
i n dye bath found on wool found on wool 
before yam i s entered 
.0625 .030 48 
.09375 .081 87 
.125 .122 97 
.1875 .178 95 
* t i v .214 86 
.50 ••.•".. .44 8 8 
.75 • 63 84 
1,0 .60 60 
1.5 1 .21 81 
2.0 1 ,51 76 
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Figures i n Table I I do not me an that the chromim which 
was found on the wool was actually i n -Uie form of NasCr2©7.2H20 . 
The amount of diromium i s f i r s t measured i n terms of T^<^T<^ 
since the colorimeter was calibrated by use of that compound 
and i s then converted into the figures given in the table 
by means of the ratio, of the molecular weights. 
The low value for 1.0 % original dye bath concentration 
i s most l i k e l y due to an error which occured in making the 
dyeings 
Table I I I 
Tests on Exhausted Dye Baths and Rinse Waters 
% Na2Cr207.2H20 
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Figures under the chromic ion test are percent of chromate 
present i n original dye bath which has been converged to 
chromic ion. 
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Interpretation of Results. 4 
From the results of this work we can draw several 
conclusions regarding the chromium - wool dye bath reaction . 
Already at very low lTa2Cr207 concentrations, the v/ool i s 
oxidized by the chromate. This i s not a destructive oxidation 
but rather one which increases the chemical s t a b i l i t y of the 
wool. Dyers have stated that wool dyed i t baths of moderate 
chromate concentrations ( 0,5- 1.0% ) i s not weakened 
structurally, and has at times better qualities than the 
uncled material. The chromic ions found i n the exhausted 
dye bath are the product of this oxidation. Here i t should 
be noted that the chromic, ion does not give a red color 
with the diphenylcarbazide reagent as stated i n Scott's 
Standard Methods of Chemical Analysis. 
I t can be assumed that the oxidation takes place in 
preference to any other reaction between the wool,end the 
chromate. The reaction i s probably linked to a certain 
group or linkeage of the molecules making up the wool. I t 
w i l l therefore stop after a certain quantity of chromate 
has been used as oxidizing agent. 
The presence of the chromic ion i n the exhausted dye 
baths further indicates that the wool absotbs this ion to 
a much smaller extent, i f at a l l , than i t does the chromate. 
L i t t l e can be said about the exact manrier i n which the 
chromate ion i s held by the wool. However, at the higher 
concentrations, some of the chromate seems to be held by 
surface a c t i v i t y of the wool only. This is shown by the fact 
that some of i t can be removed by mechanical action. 
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This was done i n the rinse water tests. 
The peak in the curve i n Fig.3 i s due to the fact that 
at lov; chromate concentrations the oxidation consimies a con-
siderable part of the chromate which i s present and the re-
sulting chromic ion i s only partly or not at a l l absorbed. 
At the high chromate concentrations, the wool does not 
absorb a l l the chromate in solution and seme of the absorbed 
chromate i s washed out when the v/ool i s rinsed after dyeing. 
Fig.3 further shows that surface absorption of chromate 
begins at approximately .2 % chromate concentration. Since 
dyeings carried out at high chromate concentrations show no 
improvQEent over those made at moderate concentrations i t 
seems that chromate held on the s\3rface of the wool fibers 
i s not required for good dyeings. Therefore dye baths having 
a chromate concentration of .2 % seem best for use with 
dyes whose theoretical chrome amounts are very small. 
Summary. 
A method for the analysis of chromium on dyed wool was 
developed and a series of samples which had been dyed in 
baths of varying chromate concentrations was analyzed. Tests 
for chromate and chromic ion were made on the exhausted dye 
baths and the rinse waters were tested for dirornate. From 
tti e results certain conclusions regarding the wool - chromate 
reaction i n chrome dyeing were drawn. 
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